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Reinforcement Unit for Reinforcing a Footing Element when Laying Pile 
Foundations with a Foundation Pile, and Method for Placing a Foundation Pile and 

Reinforcement of a Footing Element 

Field of the Invention 

[0001] The present invention concerns a reinforcement unit for reinforcing a footing 
element when laying pile foundations with a foundation pile with at least one through- 
going longitudinal cavity, said reinforcement unit includes a number of shaped and articu- 
lated reinforcement members that are pivotally connected to a centrally arranged, annular 
element, so that the reinforcement unit has a folded mounting position and an extended 
position of use, and that the reinforcement unit is connected to the foundation pile by one 
or more tension members. 

[0002] The invention also concerns a method for placing a foundation pile and reinforc- 
ing a footing element with a reinforcement unit. 

Background of the Invention 

[0003] For building large constructions as e.g. houses, walls, tower elements, and similar 
building structures, typically a foundation supported by a number of foundation piles is 
used, where the piles are placed in the ground for supporting the foundation and for ab- 
sorbing the compressing and tensile forces caused by the constructions due to their dead 
weight and wind load. 

[0004] For absorbing the compressive forces, typically smooth foundation piles are used 
that are driven down into the earth until they hit a firm substratum. This implies that in 
some places, many meters of foundation pile are to be used before the bottom reaches a 
firm bed. Therefore, this method may be a very expensive way of founding a building con- 
struction on. 

[0005] By building in areas where earth surveys show that a firm bed is far down, an- 
other type of foundation pile is used, where the foundation pile is provided at its lower end 
with a footing element having a diameter larger than the diameter of the foundation pile 



1 



itself. This means that the foundation pile is provided a large area over which the pressure 
is distributed, and that the footing element makes it more difficult for the pressure caused 
by the dead weight of the building structures to press the foundation pile farther down into 
the ground. 

[0006] Since it is not possible to drive down a foundation pile with enlarged footing ele- 
ment or to press such a foundation pile down through a pre-drilled hole, different solutions 
have been found as to how the foundation pile is disposed in the desired position before 
the enlarged reinforcement unit is produced. 

[0007] Such a foundation pile is known from US Patent 3,832,859 where a foundation 
pile has a reinforcement unit designed so that by driving down it may spread a number of 
legs out into the earth layer, after which the pile foot may be cast for formation of a footing 
element with a dimension greater than the diameter of the foundation pile. 

[0008] A drawback by using either smooth foundation poles or foundation piles with 
enlarged footing elements compared with the outer periphery of the foundation pile as de- 
scribed in US Patent 3,832,859 is that these foundation piles are not suited for absorbing 
tensile forces. 

[0009] These tensile forces arise when a building section or a tower element is for exam- 
ple subjected to wind forces, whereby the foundation piles in the lee side will be exposed 
to compressive forces while the foundation piles to windward will be exposed to tensile 
forces. 

[0010] If the foundation piles can absorb tensile forces, it is an advantage that the foun- 
dation piles longitudinally have one or more beads and/or a footing element, which have 
greater diameter than the foundation pile itself, at one or more points. The increased di- 
ameter of the beads/footing element compared with the foundation pile implies that the 
foundation pile may absorb larger tensile forces than a smooth foundation pile, as the 



beads/footing element are acted on by the mass of earth that is distributed in an upwards 
directed conical shape above the beads/footing element. 

[0011] By using smooth foundation piles, these will only absorb tensile forces provided 
by the suction of the earth. This suction appears when a foundation pile, due to the resist- 
ing force between the surrounding earth layer and the surface of the foundation pile, is 
pulled out from it position, whereby subpressure occurs in the hole from which the founda- 
tion pile is removed. 

[0012] There are different ways in which the beads/footing element may be provided in 
connection with a foundation pile placed in the ground. One possibility is that the founda- 
tion pile has a longitudinally through-going duct through which there is pressed a curable 
filler out into the earth, either at the lower part of the foundation pile or via transverse fill- 
ing ducts along the length of the foundation pile. 

[0013] In order that these beads footing element can withstand the increased tensile 
strength, it is typically reinforced with a reinforcement unit. In US Patent 3,832,859 is de- 
scribed how a reinforcement unit is designed so that by pressing down the unit spreads a 
number of legs out into the earth layer which subsequently are cast for formation of a foot- 
ing element with a larger diameter than the diameter of the foundation pile. 

[0014] A disadvantage of using such a reinforcement unit with the footing element of the 
foundation pile is that in this case the reinforcement will be disposed at the top of the rein- 
forcing unit, which implies that the reinforcement is poorly distributed in the footing ele- 
ment and thereby is only attained a slight increase in the tensile strength. In order to attain 
optimal strength of the footing element, the reinforcement members of the reinforcement 
unit are to be distributed over the largest possible area of the footing element. 

[0015] By using a foundation pile according to US Patent 3,832,859, the foundation pile 
will have a certain strength in relation to the tensile forces, but particularly in clay ground 
it will be prominent due to its design, and the foundation pile may release itself from the 
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cast footing element, and thereby the design of the reinforcement unit will provide that the 
legs spread in the earth layer by upwards pull in the foundation pile will not hold, and 
thereby the reinforcement unit will fold with the result that the same resistance against the 
tensile forces is achieved as by a smooth foundation pile. 

SUMMARY OF THE INVENTION 

[0016] It is therefore the purpose of the present invention to provide a reinforcement unit 
which is easy to provide at the foot of a foundation pile, and which in a secure and easy 
way provides for even distribution of reinforcement in the footing element. 

[0017] A further purpose of the invention is to provide a foundation pile having good 
compressive and tensile proportions and where it is possible to adapt the foundation piles 
to the actual condition prevailing in the soil 

[0018] This is achieved by a reinforcement unit of the kind described above which is 
peculiar in that the reinforcement unit in the mounting position is adapted for passing 
through the through-going longitudinal cavity of the foundation pile. 

[0019] Furthermore, the present invention provides a foundation pile that may absorb the 
required tensile and compressive forces, and which furthermore is easy and cheap to make 
and to place in the desired position. 

[0020] This is achieved by a foundation pile of the kind being peculiar in the said footing 
element optionally includes a pile foot and the reinforcement unit and/or the pile foot is 
connected with the foundation pile with one or more tension members. 

[0021] A further purpose of the invention is to indicate a method for easy and cheap 
placing of a foundation pile, and to indicate a method for a more secure reinforcement of a 
footing element with a reinforcement unit. 
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[0022] This is achieved by a method being peculiar in that the placing and reinforcing 
includes that a folded reinforcement unit is pressed down through the at least one through- 
going longitudinal cavity in the foundation pile, when the reinforcement unit reaches the 
bottom of the foundation pile, it is pressed a distance farther down, and the means for ex- 
panding the reinforcement members are activated, thereby forming a network at least of 
the reinforcement members, and curable filler is pressed down through the at least one 
through-going longitudinal cavity in the foundation pile, so that the lower part of the foun- 
dation pile and the expanded reinforcement unit are cast in one for formation of a rein- 
forced footing element with larger dimension than the outer dimension of the foundation 
pile. 

[0023] In the following is described a foundation pile with a footing element, which is 
reinforced with a reinforcement unit, for supporting a windmill and a method for placing 
such a foundation pile and reinforcing such a footing element, but the coupled elements of 
the invention may also be used by laying foundation to other kinds of tower elements, for 
example chimneys, large flagpoles, columns, power pylons and antennae. The foundation 
pile may also be used for laying foundation under houses, bridges, offshore platforms and 
the like. 

[0024] In order to press a reinforcement unit down through a through-going longitudinal 
cavity in a foundation pile and simultaneously attain reinforcement fills being distributed 
as greatly as possible in the footing element, the reinforcement includes an expanding ele- 
ment. This implies that the reinforcement unit, when placed under the bottom of the foun- 
dation pile, can expand and thereby produce a network of reinforcement which can be cast 
into a footing element. 

[0025] The expanding element according to the invention is a number of articulated rein- 
forcement members that are pivotably connected to a centrally arranged, annular element, 
so that the reinforcement unit has a folded mounting position and an extended position of 
use. This implies that the reinforcement unit after making can be placed in the through- 
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going, longitudinal cavity of the foundation pile during for example transport and be re- 
moved again when the foundation pile is placed in the earth. 

[0026] By the articulated reinforcement members being pivotably connected to a 
centrally arranged, annular member, the reinforcement members of the reinforcement unit 
will, when the reinforcement unit is in a folded mounting position, be used as guides 
against the inner side of the through-going longitudinal cavity of the foundation pile by 
pressing down the reinforcement unit. 

[0027] In order to transmit tensile forces from the footing element up to the foundation, 
the reinforcement unit includes a number of tension members arranged so that they run 
from the reinforcement unit and up to the foundation, whereby the reinforcement unit is 
connected to the foundation pile. 

[0028] In order to transmit the tensile forces from the tower element to the reinforcement 
unit in the footing element, the tension members fastened at one end to the foundation and 
at the other end to the reinforcement unit are used. These tension members are provided as 
wires, cables, threaded rods and/or round bar iron with bolt end or other fixation. The 
choice of type of tension member may be made according to need depending on the foun- 
dation used and how long the foundation piles are, and on the soil conditions. 

[0029] In an embodiment of the invention, the reinforcement unit further includes a 
number of pipes, where a tension member is disposed through each pipe and fastened to a 
lower end of the pipe and one or more reinforcement elements with means for fastening. 
Downwards, the tension member are each passed through a pipe and fastened to the rein- 
forcement members. The pipes may also be connected to one or more reinforcement mem- 
bers. 

[0030] These pipes have a length which is longer than or correspond to the extension of 
the height of the reinforcement unit. This implies that tension members, as for example 
wires, are protected against tangling, which can cause notch effects whereby the wires will 



6 



lose some strength and in the worst case break, and at the same time the wires are pro- 
tected against tangling with the reinforcement members, 

[0031] In order to control the spreading of the reinforcement members, each pipe is con- 
nected with one or more of these reinforcement members. This implies that outward 
spreading of the reinforcement members will be achieved in relation to the center of the 
foundation pile, and this spreading will be evenly distributed in relation to the number of 
pipes with which the reinforcement unit are provided. 

[0032] In order to ensure that the lower edge of the foundation pile is not to cut down 
into the underlying footing element and destroyed when the foundation pile is subjected to* 
compressive forces, the reinforcement unit furthermore includes a number of retainer ele- 
ments, which retainer elements are fastened to an upper end of one or more pipes and are 
provided with a cross-sectional shape with at least one retainer surface. 

[0033] The retainer elements are designed so that their cross-sectional shape includes at 
least one retainer surface. In one embodiment, there is used a cut-up, preferably annular 
angle iron with an upright part and an approximately horizontal part, where the upright 
part will be connected to one or more pipes whereas the horizontal part is forming the re- 
tainer surface. During pressing down of the folded reinforcement unit, the reinforcement 
members can produce spacing between the pipes of the reinforcement unit and the inner 
side of the through-going longitudinal cavity in the foundation pile. 

[0034] The retainer surface is used when the reinforcement unit has reached down under 
the bottom of the foundation pile and has expanded, whereby the angle iron will lie with 
its upright part against the inner side of the through-going longitudinal cavity in the foun- 
dation pile, whereas the horizontal part will be placed under the lower edge of the founda- 
tion pile and thereby form a retainer against tensile forces in the tension members. 

[0035] The cross-sectional shape of the retainer elements is typically L-shaped, but may 
alternatively be U- or C-shaped, or plane. However, a certain aperture may be allowed be- 
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tween the upright facing end pieces so that it is ensured that the lower edge of the founda- 
tion pile always fall into the retainer element and against the retainer surface. 



[0036] In an embodiment of the invention, the retainer elements are connected to the 
upper end of the pipes and may function as guides together with the reinforcement mem- 
bers and hold the pipes in place during pressing down of the reinforcement unit in the 
through-going longitudinal cavity in the foundation pile. 

[0037] In order to control and guide the reinforcement member during expansion, in an 
embodiment of the invention the reinforcement unit is designed so that the connection 
between pipes and reinforcement members are provided as a complete or partial eye joint. 
This design provides that the reinforcement members can be secured to the pipes but si- 
multaneously allow that the reinforcement elements can slide in the eye connection so that 
they can be pressed outwards in relation to the center of the foundation pile. 

[0038] Each pipe may be provided with plural eye joints so that a pipe is connected to 
e.g. two reinforcement members. This implies that more reinforcement members than 
pipes may be provided in the reinforcement unit, which causes better reinforcement of the 
footing element. 

[0039] In order that a cast reinforcement unit is to transmit tensile force to the founda- 
tion, the tension members running from the reinforcement unit up to the foundation are to 
be fastened to at least a part of the reinforcement unit with means for fastening, the means 
for fastening a tension member to a pipe being one or more of the following: a bolt joint, a 
press joint and/or a welding. 

[0040] In an embodiment of the invention, the tension member is a wire fastened to the 
lower end of the pipe and the reinforcement member by means of a bolt joint which is dis- 
posed at the underside of the reinforcement members. This bolt joint may be self-locking 
so that loosening of the wires from the reinforcement unit cannot occur when tension 
arises in the wire. 
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[0041] In a second embodiment of the invention, the tension member is a wire which is 
fastened to the lower end of the pipe and the reinforcement members by means of a press 
joint, which typically will be a wire clamp disposed at the underside of the reinforcement 
members. These wire clamps will abut against the underside of the reinforcement members 
and thereby prevent loosening of the wires when the wires are subjected to tension. 

[0042] In a third embodiment of the invention, the tension member is a wire, cable, 
threaded rod or round bar iron fastened to the underside of the reinforcement member by 
means of a welding. This welding is to be performed so that the tension members are not 
weakened in themselves by the action of heat occurring by welding. 

[0043] Another way of ensuring that the lower edge of the foundation pile is not cutting 
down into the underlying footing element and destroying this when the foundation pile is 
subjected to compressive forces is that the reinforcement unit furthermore includes a num- 
ber of retainer elements which are fastened to a folding arrangement in the tension member 
and is provided with a cross-sectional shape with at least one retainer surface. 

[0044] The tension members are here divided into an upper part running from the foun- 
dation and down into the area approximately in the vicinity of the lower edge of the foun- 
dation pile and a lower part having a length approximately corresponding to the height of 
the folded reinforcement unit. These two parts of the tension members are joined with an 
assembly arrangement. In connection with this assembly arrangement there are provided 
retainer elements. 

[0045] In order to join the upper and lower parts of a tension member, the assembly 
arrangement in the tension member is one or more of the following: a sleeve joint, a press 
joint and/or a plate/bolt joint. 

[0046] In an embodiment of the invention, the tension member is a threaded rod which is 
joined by means of a sleeve joint with internal thread corresponding to the thread of the 
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threaded rod. This implies that the ends of the upper and lower parts of the tension mem- 
bers can be secured in the sleeve joint. The retainer elements may be provided at the outer 
side of the sleeve joint. 



[0047] In a second embodiment of the invention, the tension member is a wire which is 
assembled by means of a press joint. This implies that the ends of the upper and lower 
parts of the tension members are squeezed together and locked. The retainer elements may 
be provided at the outer side of the press joint. 

[0048] In a third embodiment of the invention, the tension member is a round bar iron, 
which is assembled by means of a plate/bolt joint, where the plate is provided with holes 
through which the round bar irons are placed and secured by a bolt at the other side of the 
plate. The retainer elements may be provided in connection with or as a part of the plate. 

[0049] When the reinforcement unit is placed at its proper position, either at the lower 
edge of the foundation pile or in the vicinity under the lower part of the foundation pile, 
the reinforcement unit is to be expanded in order that the reinforcement members are dis- 
tributed in the footing element. 

[0050] This expansion of the reinforcement members of the reinforcement unit is 
achieved in that the reinforcement unit furthermore includes means for expanding the rein- 
forcement members, which means is one or more of the following: a spring ring, an eye 
joint, an explosion unit and/or a spreading element. 

[0051] In an embodiment of the invention, the means for expanding the reinforcement 
members is a spring ring which is to be connected with the pipes and/or reinforcement 
members in order to have the desired effect, and placed so that when the spring ring ex- 
pands, it will press the pipes and/or reinforcement members outwards. 
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[0052] When the pipes are pressed outwards, the reinforcement unit of reinforcement 
members pivotably connected to a centrally arranged annular element, will be forced to 
spread outwards in relation to the center of the foundation pile. 



[0053] In an alternative embodiment of the invention, the means for expanding the rein- 
forcement members is an explosion unit which is either disposed inside the reinforcement 
unit when it is pressed down, or is pressed down separately subsequently. 

[0054] The main thing is, however, that this explosion unit is placed so that it, when 
exploding, will have the greatest possible effect on the reinforcement members which are 
to expand outwards. This means that the explosion unit is to be placed in vicinity of or 
opposite to the reinforcement members in the reinforcement unit. 

[0055] By activation of the explosion unit, the pressure from the explosion will act on 
the reinforcement members so that these spread outwards and thereby form a preferably 
evenly distributed reinforcement in the footing element. 

[0056] This explosion unit is to have power so that by the explosion it can exert a neces- 
sary pressure on the reinforcement members, but the explosion must not be so great that 
the reinforcement unit is destroyed or that the tension members are damaged. 

[0057] In order to achieve secure spreading of the reinforcement member, these are ring- 
shaped so that both ends of the reinforcement rods are movably folded around the centrally 
arranged annular element. An advantage of having an annular reinforcement member is 
that it provides better reinforcement of the footing element than a reinforcement member 
made of for example a straight round bar iron, as an annular reinforcement member can 
reinforce the footing element at several levels and not only in one plane. 

[0058] At the same time, by using annular reinforcement members during pressing down 
of the reinforcement unit it will be safeguarded against the reinforcement unit does not go 
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into unwanted engagement with irregularities and projections at the inner side of the 
through-going longitudinal cavity in the foundation pile. 



[0059] In an embodiment of the invention, the reinforcement members are part of the 
reinforcement unit holding the lower part in a certain position, both during pressing down 
of the reinforcement unit and when the reinforcement unit has been placed in desired posi- 
tion. Therefore, the reinforcement members are each shaped as a segment of a ring so that 
they, when the reinforcement unit is folded, form a ring corresponding to an inner diameter 
of at least one through-going longitudinal cavity in the foundation pile, and when the rein- 
forcement unit is expanded, form an approximately circular ring having a diameter equal 
to or greater than the diameter of the bottom of the foundation pile. 

[0060] These ring-shaped reinforcement members are connected end-to-end so that the 
pipes are connected to an assembled unit of interconnected annular reinforcement mem- 
bers, where the reinforcement members have different width so that two juxtaposed rein- 
forcement members will have different width. This means that it is possible to put a rein- 
forcement member down into another reinforcement member. The joint between these 
reinforcement members may for example be constituted by recesses in reinforcement 
members through which tension member and/or pipe can be passed so that two reinforce- 
ment members are connected by a tension member or a pipe. In this way, the reinforce- 
ment members, when expanded, will only expand to a certain size which is dependent on 
the recesses in the reinforcement members. 

[0061] In a second embodiment of the invention, the reinforcement members are formed 
by a network of rods and/or wires. This means that it is possible to make reinforcement 
members that are light and cheap, and which reinforces the footing element at several lev- 
els and not only in one plane. 

[0062] For further reinforcement of the footing element, the reinforcement members may 
be mutually connected with for example a number of wires so that reinforcement of the 
footing element is provided between the reinforcement members. This means that the rein- 
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forcement of the footing element will be like a spider's web if the footing element is seen 
in a plan view. 



[0063] In order easily to provide a foundation pile in the desired position, either by driv- 
ing and/or vibrating the foundation pile down or placing it in a pre-drilled hole, the foun- 
dation pile is preferably cylindric, which means that the cross-sectional area of the founda- 
tion pile will be largely the same over its entire length. Thereby is avoided that a cross- 
sectional change of the foundation pile will form an interspace between the outer side of 
the foundation pile and the surrounding earth in the areas of the foundation pile lying 
above the cross-sectional change. 

[0064] In order to move different work tools down to the bottom of the foundation pile, 
internally in the foundation pile there is provided a through-going longitudinal cavity, the 
cross dimension of which being determined by which tool and which tensile and compres- 
sive forces that are to be absorbed by the foundation pile. 

[0065] In order to absorb the tensile forces in the foundation pile, according to the inven- 
tion it is important that the foundation pile maintains its fastening to the reinforcement 
unit, and therefore the reinforcement unit is connected to the foundation pile with one or 
more tension members. 

[0066] In order to facilitate driving/pressing down a foundation pile in the earth, the rein- 
forcement unit further includes a pile foot disposed at the lower edge of the foundation pile 
so that the foundation pile acts as an earth rod during the pressing/driving down. 

[0067] In order to utilize the pile foot as part of the footing element it is important that 
the reinforcement unit with the footing element is connected to the foundation pile. There- 
fore, in the foundation pile there is provided a number of through-going, longitudinal side 
ducts that are disposed with largely uniform spacing from the cross-sectional centre of the 
foundation pile, that in each side duct there is provided a tension member, that each ten- 
sion member is fastened downwards with means for fastening to a reinforcement unit in- 
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eluding a pile foot, and that the pile foot is releasably connected to the preferably cylindric 
part of the foundation pile by means of the tension members. 



[0068] Previously known foundation piles with a separate pile foot do not maintain this 
connection, which is why it is more difficult to ensure that the enlarged footing element 
provided by casting around a reinforcement member has sufficient connection between the 
pile foot and the lower part of the foundation pile. 

[0069] The pile foot is connected to the foundation pile by means of a number of tension 
members. In order that these tension members are not disposed externally of the founda- 
tion pile or within the through-going longitudinal cavity, there is provided a through- 
going, longitudinal side duct for each tension member. There is no requirement to the 
number of tension members, but the tension members are to be distributed evenly with a 
substantially uniform spacing from the cross-sectional center of the foundation pile and in 
the side material of the foundation pile. 

[0070] The dimension of the through-going, longitudinal side ducts is determined by the 
dimension which the tension members are to have for absorbing the tension forces arising 
by for example wind action on a tower element fastened to the foundation pile. 

[0071] For enabling separation of the pile foot and the foundation pile after placing the 
foundation pile in the desired position, the foundation pile is formed so that the tension 
members have at least one free section between the lower edge of the foundation pile and 
the pile foot. This free section of the tension members can have different length, depending 
on which type of soil, the foundation pile is disposed in, and this will thereby be determin- 
ing of which size it is possible to form a footing element between the lower part of the 
foundation pile and the pile foot by injection molding of a curable filler. 

[0072] For transmitting the tensile forces from the foundation and down through the 
foundation pile to the pile foot, the tension members are provided as wires, cables and/or 
rods. 
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[0073] If the tension members are provided as wires or cables, they are mounted in the 
through-going, longitudinal side ducts, either by the tension members being cast in the side 
material of the foundation piles at a number of points, or by the tension members being 
disposed freely in a side duct so that they are provided longitudinal movement in the side 
ducts. 

[0074] Wires and/or cables are made of a material having sufficient strength for absorb- 
ing the tensile forces, and which furthermore is to be made of a material or finished so to 
not corrode. Furthermore, it is important the wires/cables during mounting of the tension 
members in the side ducts do not twist or tangle so that a notch effect can arise in the 
wire/cable itself when tension occurs, whereby the wire/cable will loose some strength and 
break in the worst case. 

[0075] If the tensile members are provided as rods of for example stainless steel and 
similar material, these rods will be mounted in the through-going, longitudinal side ducts 
so that they are longitudinally displaceable. This provides for the rods protruding out over 
the upper edge of the rods when the pile foot is fastened to the lower section of the founda- 
tion pile during for example transport, or when the foundation pile is placed in the desired 
position. 

[0076] An advantage of using wires/cables is that the connection between foundation pile 
and foundation adapter/foundation does not have to be 1 00% accurate, as the wires/cables 
are flexible and thus may be adjusted laterally and thereby fastened. 

[0077] Rods as tension members are typically provided with threads at the top so that, by 
means of a mounting ring, the members can be bolted to a foundation adapter or directly to 
the building construction. 
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[0078] If wires are used as tension members, the fastening of the tension members to a 
mounting ring on the foundation may be performed by means of a wire clamp, coiling, 
welding and/or casting fast to a foundation adapter or similar building construction. 

[0079] In an embodiment of the invention, the wires will be fastened to a mounting ring 
or similar mechanism by means of wire clamps which eventually may be tightened so that 
a tightly clamped wire is provided all the time down through the through-going, longitudi- 
nal side ducts and down to the pile foot. It is important that the wires are fully tightened or 
else a loose connection between the foundation pile and the overlying foundation will 
cause the building construction to tilt. 

[0080] In order to fasten the tension members to the pile foot, the means for fastening the 
tension members to the pile foot is one or more of the following: a bolt joint, a press joint, 
a sleeve, a casting and/or that a preferably U-shaped duct is provided inside the pile foot 
through which a tension member may be passed. 

[0081] In an embodiment of the invention, the tension members are fastened to the pile 
foot by a bolt joint which typically will be used when the tension members are constituted 
by rods with thread at the end. This bolt joint may be self-locking so that loosening of the 
tension member from the pile foot cannot occur. 

[0082] In a second embodiment of the invention, the means of fastening to a pile foot is a 
press joint, typically being a wire clamp disposed in recesses inside the pile foot. These 
recesses inside the pile foot are provided by ducts through the pile foot disposed in straight 
alignment with the through-going, longitudinal side ducts of the foundation pile. 

[0083] The ducts in the pile foot are designed so that the diameter in the duct may 
change, either continuously down through the pile foot, or by the duct being provided with 
two different diameters, where the largest diameter is at the downwards facing side of the 
pile foot. This enables providing a wire clamp joint at the lower side of the edge of the pile 
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foot which by means of a change in diameter has a retainer so that the wire is secured in 
the pile foot. 

[0084] This assembly will typically be performed so that the pile foot will not have any 
projection or the like, but only a smooth surface. This is an advantage in disposing the 
foundation pile in the desired position and by the later positioning of the pile foot itself, as 
there will nothing to prevent the pointedness of the pile foot from penetrating down into 
the underlying earth. 

[0085] In a third embodiment of the invention, the means for fastening tension clamps 
for the pile foot is a sleeve, where the lower part of the tension members, after mounting 
through a set of through holes in the pile foot, are bent so that they form a retainer. The 
bends may be disposed in recesses so that the smooth surface of the pile foot is main- 
tained. 

[0086] In a fourth embodiment of the invention, the tension members may be cast into 
the pile foot. For example, during the formation of the pile foot, a part of the tension 
members are placed in the mould in which the pile foot is cast. The cast part of the tension 
members may be turned in/bent in order to impart further strength to the pile foot and to 
strengthen the fastening of the pile foot. 

[0087] In a fifth embodiment of the invention, there may be provided a number of U- 
shaped ducts during the casting of the pile foot which are disposed so that inlet/outlet of 
each of the upwards facing parts of the U-shaped duct fits with two roughly opposite side 
ducts in the foundation pile. 

[0088] This provides that a tension member, for example a wire, may extend from the 
top of the foundation pile down through a through-going, longitudinal side duct, down into 
the U-duct of the pile foot, and up again through an opposite through-going, longitudinal 
side duct of the foundation pile. This furthermore provides that no fastening means, such 
as clamps and joints, are to be provided in the pile foot. 
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[0089] In order to keep the entire foot in place in the through-going, longitudinal cavity 
and in close connection with the lower part of the foundation pile during transport, mount- 
ing and placing, the pile foot is designed so that the pile foot upwards has a top element 
which in its basic form corresponds to the cross-sectional shape of at least one through- 
going longitudinal cavity, and that the top element has a tapering shape upwards which is 
symmetric about the center line of the pile foot. 

[0090] The shape of the top part provides that the pile foot may be placed and partially 
fixed in the through-going longitudinal cavity in the lower part of the foundation pile dur- 
ing transport and during placing of the pile foot. 

[0091] Furthermore, the shape of the top part will imply that the pile foot is disposed in 
such position that it will be almost impossible to push it aside if the pile foot comes in 
contact with a stone or the like during placing of the foundation pile. This means ensuring 
at every the time that the pile foot is centered under the foundation pile. 

[0092] A further function of the tapering shape is that, when placing a reinforcement unit 
in the through-going longitudinal cavity, and this is pushed down against the tapering 
shape, it will force the reinforcement elements of the reinforcement unit to turn outwards 
and thereby be spread out from the foundation pile. 

[0093] Downwards, the pile foot is formed so that the pile foot is provided with a taper- 
ing shape and/or a flat disc shape. The shape of the downwards facing part of the pile foot 
is determined by the type of soil in which a foundation pile is to be placed. For example a 
pile foot with tapering downwards will be used in places where the foundation pile is vi- 
brated, pressed and/or driven into the earth, as the point is assisting with breaking the 
ground surface. Alternatively, one may use a pile foot shape with a flat disc shape when 
the foundation pile is placed in a pre-drilled hole. 
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[0094] When the foundation pile is placed in the desired position, it will, for example 
with a piston, be possible to press the pile foot further down into the earth, so that an inter- 
space is formed between the pile foot and the lower part of the foundation pile correspond- 
ing to the free part of the tension members. 

[0095] Into this area, there will subsequently be pressed or injected a filler that forms an 
enlarged footing element which has larger diameter than the outer circumference of the 
foundation pile. This provides that the foundation pile will have greater strength compared 
with the tensile forces occurring in connection with a cast foundation pile. 

[0096] For further increasing the strength of this enlarged footing element, a loosely 
folded reinforcement unit is provided at the lower end of the through-going longitudinal 
cavity, including a number of articulated reinforcement members that are movably ar- 
ranged at one end around a centrally arranged annular element, and that the free end of 
each reinforcement member is shaped so that the end at least projects in oyer the centre 
line of the top section of the pile foot. 

[0097] By having a foundation pile with an internal, through-going, longitudinal cavity, 
it is possible by subsequent provision of a foundation pile in a desired position to provide 
strengthening elements or filler so that there may be formed a strong footing element for 
absorbing tensile forces. 

[0098] In an embodiment of the invention, the reinforcement unit is designed with a 
number of reinforcement members which are movably assembled around a central annular 
element, so that the reinforcement members can rotate about this annular element and 
spread themselves out from the bottom of the foundation pile. 

[0099] This central, annular element may be a ring on which is mounted a number of 
reinforcement members that are fastened by either a ring joint or a pivotably journalled 
joint. 
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[0100] The reinforcement members are designed so that they have a bent shape provid- 
ing that a part of the reinforcement member, when the latter is mounted on the central an- 
nular element and this is arranged in the through-going longitudinal cavity in the founda- 
tion pile, is bent rearwards across the center line of the top section of the pile foot. This 
bending, together with the upwards tapering shape of the pile foot, causes the reinforce- 
ment members, when they are pushed down over the pointed shape of the pile foot, to open 
and spread in radial direction relative to the center of the pile foot. 



[0101] The central annular element may be designed so that it has an outer diameter 
approximately corresponding to the diameter on the longitudinal, through-going cavity, or 
alternatively have a smaller diameter. In both cases it applies that the reinforcement mem- 
bers are designed so that the members at least at one point, are in a folded condition and by 
pressing down through the longitudinal, through-going cavity, touch the sides, and that the 
reinforcement unit is guided during the pressing down. 

[0102] The centrally arranged annular element may be designed as a circular element 
with a number of recesses in which the end part of the reinforcement members may be 
fastened by means of a locking arrangement. This locking arrangement can be a ring that is 
fastened to a circular element, whereby recesses are closed and the reinforcement members 
are retained. 

[0103] By using wires or cables as tension members, there are provided recesses in the 
pile foot and/or the lower part of the foundation pile for accommodating the free section of 
the tension members, implying that the wires are not to be displaced up through the foun- 
dation pile during placing of the foundation pile. Furthermore, it will be advantageous to 
have these recesses when the wires are cast fixed at one or more points up through the lon- 
gitudinal side ducts. 

[01 04] Either in the pile foot or the lower part of the foundation pile there are provided 
recesses in which the wire can be coiled up/turned up so that it may lie hidden without 
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causing separation of pile foot and foundation pile during transport and mounting of the 
foundation pile. 

[0105] These recesses can be designed in immediate vicinity of the inlet holes for the 
tension members in the pile foot or in recesses at the end of the foundation pile. Uncoiling 
the free part is to occur so that by pressing the pile foot down, tangling of the wire does not 
occur, whereby an effect arises when tension is applied to the wire, reducing the tensile 
ability of the wire. 

[0106] For further increasing the tensile strength of the foundation pile and reducing 
the possibility of lateral displacement of the foundation pile, the through-going longitudi- 
nal cavity is connected at one or more points with the outer side of the foundation pile with 
one or more transverse and downwards directed filling ducts. 

[0107] These filling ducts enable pressing out filler material at certain points along the 
work duct, i.e. at different levels, and thus providing a bead that thereby form resistance at 
the outer side of the foundation pile relative to compressive and tensile forces. Alterna- 
tively, through these filler ducts there may be extended reinforcing rods which, interacting 
with injection of curable material, will form a reinforced bead having greater strength than 
a bead without reinforcement. 

[0108] These filler ducts can be arranged at different planes perpendicularly to the 
longitudinal axes of the foundation pile, and typically one or more filler ducts will be 
placed so that the outlets of the filler ducts are evenly distributed at the outer side of the 
foundation pile in about the same plane, whereby beads are formed around foundation 
piles at different depths by injection of material through the internal longitudinal cavity in 
the foundation pile and the filling ducts. This implies that the foundation pile is imparted 
increased tensile strength, and that the foundation pile is secured against lateral movement 
irrespectively of which direction tensile forces are acting on the foundation pile. 
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[0109] The material which is pumped/pressed down into the surrounding earth layer 
for formation of beads or footing element, can be a cement mixture, concrete, grout, slurry 
or a setting plastic material. The most important property of the material is, however, that 
it reacts with or binds to the tension members, the pile foot and/or the lower part of the 
foundation pile and possibly the side of the foundation pile. When this filler has been 
hardened, it will thus be bonded securely to the foundation pile. 

[01 10] In order to achieve an even better bond between filler and foundation pile, the 
surface of individual parts of the foundation pile may be designed with an uneven surface 
as for example grooves or small projections. This enhanced contact will in turn assist in 
increasing the tensile strength of the foundation pile. 

[0111] In an embodiment of the invention, the uppermost filling ducts will be placed 
so that the upper bead will be formed at a depth of about 2 meters, where this bead cannot 
contribute to the absorbing of compressive and tensile forces by the foundation pile, but 
instead will contribute to stabilizing the foundation pile against lateral movements, which 
can be a problem by erecting foundation piles in soft ground, as for example loose sand. 

[0112] For increasing the strength of the foundation pile and possibly reducing the 
dimension of the foundation pile, it may be designed with one or more external reinforce- 
ments. These reinforcements can be produced during formation of the foundation pile it- 
self, or by subsequent mounting before placing the foundation pile and will contribute to 
increasing the resistance of the foundation pile against lateral movements and breakage 
during placing the foundation pile. 

[0113] In order to perform rapid and easy mounting of the foundation piles for the 
foundation, the at least one through-going longitudinal cavity of the foundation pile may 
be designed with a screw thread at the upper part so that a bolt rod, bolt or screw/nut may 
be used for fastening the foundation piles to the foundation. 
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[0114] In water-carrying earth, as for example sand layers, it may be difficult to form a 
cavity under the foundation pile. For stabilizing this earth/sand layer, a number of holes 
may be provided in the sides of the foundation pile at the lower part of the foundation pile. 
These holes are used for pressing a hardening filler out into the surrounding earth layer, 
which will stabilize the earth when the filler is hardened, so that it is possible to form a 
cavity around the lower part of the foundation pile without undesired material/liquid fal- 
ling down into the cavity due the porous condition of this earth layer or due to the water 
pressure in this earth layer. 

[01 1 5] Another possibility is to pressurize the cavity so that the water in the earth/sand 
layer is kept away from the cavity while the reinforcement unit is pressed down through 
the foundation pile and casting of the footing element, and that the filler, which is pressed 
out, is not flowing out down along the outer side of the foundation pile but is pressed out 
into the surrounding earth layer. Alternatively, the earth around the cavity may be frozen 
so that ice forms a barrier against the cavity until the footing element is cast. 

[0116] In order to substitute a concrete structure in a foundation arrangement, an 
adapter for use in founding a tower element, preferably a mill tower, is produced, where 
the adapter is designed with a first mounting ring for fastening against a foundation ar- 
rangement and a second mounting ring for fastening against the tower element, where the 
first and the second mounting rings are connected with one or more connecting elements. 

[0117] The adapter is placed as a transition element against the lower part of the tower 
element and the foundation arrangement, which means that the two mounting rings of the 
adapter are to fit in dimension with the corresponding mounting parts of the lower part of 
the tower element and the foundation arrangement. Therefore, the relation between the 
outer circumference of the first mounting ring and the outer circumference of the second 
mounting ring may be one or more of the following: 

The outer circumference of the first mounting ring is largely of the same magnitude 

as the outer circumference of the second mounting ring, 
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the outer circumference of the first mounting ring is less than the outer circumfer- 
ence of the second mounting ring, or 
- the outer circumference of the first mounting ring is larger than the outer circum- 
ference of the second mounting ring. 

[0118] A foundation for a tower element is typically to absorb two kinds of action: 

- A vertical load (compressive force) in the form of dead weight load from tower element 
and a possible further structure, for example a windmill construction, and 

- a moment produced by the wind action on the tower element and the possible further 
structure. This moment is absorbed in the foundation arrangement as an evenly distributed 
tensile force and compressive force. 

[0119] Normally, a foundation for a tower element is dimensioned for only absorbing 
compressive forces, whereas it is difficult for a foundation arrangement to absorb the ten- 
sile forces. By a typical construction of a foundation arrangement with a concrete struc- 
ture, the tensile forces are largely absorbed by the dead weight of the foundation arrange- 
ment. 

[0120] By establishing high tower elements, the tensile and compressive forces are 
relatively much larger compared with the size of the foundation arrangement, why it is 
necessary particularly to provide for absorption of the tensile forces. An advantageous so- 
lution may be to use laying pile foundation, where the foundation piles have a special de- 
sign for better absorbing the relatively large tensile forces and transmit them to the sur- 
rounding earth layer. 

[0121] For foundation arrangements for high tower elements, or for tower elements 
erected on soft earth, laying pile foundation under the entire foundation arrangement has 
typically been applied for attaining uniform carrying capacity for the whole foundation 
arrangement with regard to the compressive forces. This method has not been optimal in 
relation to the carrying capacity with regard to the tensile forces as the foundation piles 
situated closest to other center of the tower element did not have sufficient spacing from 
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the vertical center plane for the tower element in order to absorb the tensile forces for 
which they are dimensioned. By laying pile foundation in that way, this has caused an un- 
necessary large number of foundation piles for absorbing the forces, in particular tensile 
forces, to be used. 

[0122] According to the invention, this number can be reduced by using the described 
adapter in connection with specially designed foundation piles, where a number of founda- 
tion piles are situated so that they have a suitable distance to the center of the tower ele- 
ment, whereby they are utilized optimally, absorbing the tensile forces for which they are 
dimensioned. This is a great advantage as a foundation pile, including transportation, plac- 
ing in the ground, and fastening to the adapter, is assessed to cost DKK 4000 — 8000, and 
each foundation pile is expected to be 15 - 30 m long. 

[0123] In order to optimally distribute the tensile and compressive forces caused by the 
dead weight and wind action on the tower element, it is advantageous if the adapter is de- 
signed so that the outer circumference of the first mounting ring of the adapter is larger 
than the outer circumference of the second mounting ring. 

[0124] In order to achieve an even distribution of tensile and compressive forces 
around the adapter, it may be designed so that the first mounting ring is designed with at 
least two holes for fastening the adapter against the foundation arrangement, where the at 
least two holes are evenly distributed around the first mounting ring. The distribution of 
holes around the first mounting ring provides for transmission of tensile and compressive 
forces may effected optimally, irrespectively how the wind is acting on the tower element. 
The holes, which may be provided with internal thread, provides that mounting of the 
adapter against the foundation arrangement with bolt and/or nut joints may be performed, 
which is a secure and easy method compared with e.g. in situ welding. In a preferred em- 
bodiment of the adapter, there will be between 20 and 30 holes around the first mounting 
ring. 
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[0125] In order to build up the adapter of a material of lesser dimension simultane- 
ously with the obligatory compressive and tensile forces transmitted from the tower ele- 
ment to the foundation arrangement being absorbed, the adapter is designed so that the 
first mounting ring and at least one connection element are connected with one or more 
reinforcement elements. These reinforcement elements may, for static reasons be placed 
either evenly distributed around the first mounting ring by using a continuous connecting 
member, or distributed in connection with a number of discontinuous connecting mem- 
bers, or at a certain position estimated from statistical calculations to absorb the exertion 
of force occurring at a certain position for a very large part of the time, for example in ar- 
eas with one particularly prevailing wind direction whereby unilateral action on the tower 
element occurs. 

[0126] In a preferred embodiment of the adapter, there are an even number of holes 
and reinforcement members which are evenly distributed around the first mounting ring, 
which is connected with a continuous connecting member. The disposition of holes and 
reinforcement members is made so that a reinforcement member is placed at the same dis- 
tance between two holes on the same ring and so that there is space for mount- 
ing/dismounting bolt and/or nut. 

[0127] In order to achieve even distribution of tensile and compressive forces around 
the adapter, it can be designed so that the second mounting ring is designed with at least 
two hole for fastening the adapter against the tower element where the at least two holes 
are evenly distributed around the second mounting ring. The distribution of holes around 
the second mounting ring provides for optimal transmission of tensile and compressive 
force irrespectively of how the wind is acting on the tower element. The holes, which may 
be provided with internal thread, provide for mounting of the adapter against the lower 
part of the tower element with bolt and/or nut joints, which is a secure and easy method 
compared with for example welding on site. 

[0128] In a preferred embodiment of the adapter, there will be between 15 and 30 
holes around on the second mounting ring. The number of holes in the second mounting 
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ring does not necessarily correspond to the number of holes in the first mounting ring but 
is determined by the dimension of bolts/nut assembly and the space needed for mount- 
ing/dismounting these. 

[0129] In a further preferred, alternative embodiment of the invention, the adapter may 
be designed so that the fastening of the adapter against the foundation arrangement is ef- 
fected with bolts and/or nuts, and that the adapter is either an integrated part of the lower 
part of the tower element or is fastened to the tower element by welding. This provides 
possibility of making and transporting the adapter together with the tower element 
whereby adaptation and mounting of adapter against the tower element on site is avoided. 

[0130] The adapter is constructed of continuous connecting elements/discontinuous 
connecting elements and two mounting rings, where the first and the second mounting 
rings may be designed according to one or more of the following combinations: 
the first and second mounting rings are annular, 

the first mounting ring is a plate and the second mounting ring is annular, 
- the first mounting ring is annular and the second mounting ring is a plate, or 
the first and the second mounting rings are plates. 

[0131] By mounting an adapter made with a continuous connecting member, and 
where the first and second mounting rings are plates (a closed adapter), access for mount- 
ing the adapter against the foundation arrangement and the lower part of the tower element 
may be achieved via a manhole, either in the plate of the second mounting ring or in the 
connecting member. 

[01 32] An advantage of the adapter being designed as a closed element may be to pro- 
tect bolts/nuts against corroding surroundings, as for example sea water. 

[0133] In order to adapt the adapter to different types of tower elements and founda- 
tion arrangements, the adapter is designed according to one of the following geometrical 
shapes: a truncated cone, a frustum of a pyramid, a prismatoid, or an obelisk. 
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[0134] By using the adapter as substitution of a concrete structure for a small or mid- 
dle-size windmill, it may be a production advantage that the adapter has the shape as either 
a frustum of a pyramid, a prismatoid, or an obelisk, as these shapes are simple to produce 
and assemble, implying reduced price. 

[0135] In a preferred embodiment of the invention, the adapter is designed so that the 
entire outer circumference of the second mounting ring is connected with a continuous 
connecting element to the entire outer circumference of the underlying first mounting ring, 
and that both mounting rings are annular. This embodiment enables reducing the dimen- 
sion of the material of the continuous connecting element, and to establish a large number 
of reinforcing members that may be disposed evenly distributed around the first mounting 
ring, and furthermore a natural transition arises between the lower part of the tower ele- 
ment and the foundation arrangement. 

[01 36] It is furthermore the purpose of the invention to indicate a method for using the 
adapter by laying foundation to a tower element. 

[0137] In order to utilize the described adapter by laying foundation to a tower ele- 
ment, it is necessary with the following method: 

A foundation arrangement is placed upon and/or in the ground, 
- the adapter is placed directly upon the foundation arrangement and is fastened to it, 
and 

the tower element is placed upon the adapter and fastened to it. 

[0138] Furthermore, the foundation arrangement can include at least one foundation 
pile which is disposed in the ground spaced apart from the center of the foundation ar- 
rangement and at an angle of 0-90 degrees, preferably 0-45 degrees, from a vertical plane. 

[0139] Disposition of the foundation piles at an angle from a vertical plane will imply 
greater carrying capacity of the foundation arrangement, as the amount of earth lying 
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around the foundation pile contributes to increasing the carrying capacity of the foundation 
arrangement against tensile forces. When the foundation piles are standing too close to 
each other, they are pulling in the same earth mass. However, by angling the piles away 
from each other, each foundation pile pulls/presses in more earth mass. However, it is ad- 
vantageous to keep the angle in the area 0-45 degrees from a vertical plane as the carrying 
capacity of the foundation arrangement for compressive forces is considerably reduced by 
placing foundation piles at angles more than 45 degrees from a vertical plane. 

[0140] For placing a foundation pile and to perform reinforcement of a footing element 
with a reinforcement unit, the method includes the following steps: 

the foundation pile is placed in desired position, either by pressing or driving 
down or by placing in pre-drilled holes, 

a folded reinforcement unit is pressed down through the at least one through- 
going longitudinal cavity in the foundation pile, 

when the reinforcement unit reaches the bottom of the foundation pile, it is 
pressed a distance farther down, and the means for expanding the reinforcement members 
are activated, thereby forming a network at least the reinforcement members, 

curable filler is pressed down through the at least one through-going longitudinal 
cavity in the foundation pile, so that the lower part of the foundation pile and the expanded 
reinforcement unit are cast in one for formation of a reinforced footing element with larger 
dimension than the outer dimension of the foundation pile. 

[0141] With this method is achieved that the foundation pile becomes usable in rela- 
tion to both compressive and tensile forces caused by the construction to which the foun- 
dation pile is connected, and that the reinforcement unit is placed in the desired position 
and is expanded so that it forms an evenly distributed reinforcement in the footing ele- 
ment, whereby the footing element may increase the strength of the foundation pile against 
compressive forces caused by for example wind action. 

[0142] Selection of method for placing by either pressing down, driving down or by 
placing in pre-drilled holes, is determined by which type of soil the foundation pile is to be 
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placed. In very soft soil, and in areas where vibrations are not to occur, either pressing 
down or placing in pre-drilled holes will be the case. In areas where the earth is hard, and 
where there is substantial distance to the nearest other building constructions, driving of 
the foundation pile may be applied. By driving the foundation pile it is, however, to be 
ensured that the foundation pile is made of a material which has the necessary strength for 
resisting the repeated blows, or is designed with the needed external reinforcements. 

[0143] It is important that the reinforcement unit is not placed with a large part of the 
upper part of the reinforcement unit in the foundation pile, and that the reinforcement unit, 
when reaching the bottom of the foundation pile, is pressed a distance farther down so that 
the expansion of the reinforcement unit may occur without the lower part of the foundation 
pile preventing complete expansion of the foundation unit in the underlying cavity. 

[0144] By pressing out filler in the interspace between the reinforcement unit and the 
bottom of the foundation pile, the tension members are cast which, together with the rein- 
forcement members, provide that the footing element attains greater strength against the 
tensile and compressive force to which it is exposed. 

[0145] In an embodiment of the invention, where the reinforcement unit includes pipes 
for the tension members, the pipes are cast into the footing element which, together with 
the reinforcement members which will provide that footing element/foundation pile attains 
greater strength against the compressive and tensile forces to which it is exposed. 

[0146] In order to ensure that the reinforcement unit is in the correct depth, the above 
method may be added a further step as follows: After placing the foundation pile, the pile 
foot is pressed and/or driven farther down into the ground with a piston and/or a driving 
tool, where the distance between the pile foot and a lower part of the foundation foot at the 
most corresponds to the length of the free part of the tension members. 

[0147] For driving the reinforcement unit of the foundation pile farther down into the 
ground, a piston or a driving tool may for example be used, where the piston may be 
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driven by hydraulic, pneumatics, or an electric motor which presses on the reinforcement 
unit at a steady pace until the tension members are extended and the reinforcement mem- 
bers are expanded. 

[0148] Alternatively, in cases where the tension members are constituted by rods, the 
reinforcement unit with a pile foot may be pressed down into the underlying earth layer at 
an arbitrary depth, however with the purpose that filler can be pressed out in such an 
amount that it may hold the pile foot and the bottom of the foundation pile and simultane- 
ously form a footing element with greater dimension than the outer dimension of the foun- 
dation pile. If the distance between the pile foot and the foundation pile becomes too great, 
it will be almost technically impossible to press out so large a mass that these two can be 
connected. 

[0149] The method mentioned initially may, depending on soil conditions, have added 
a further step, where, before pressing down the folded reinforcement unit, there is formed 
a cavity under the lower part of the foundation pile with a soil preparation unit. 

[0150] This soil preparation unit may furthermore be used for, for example, removing 
the material pressed/driven up in the foundation pile during the driving down of this. The 
soil preparation unit may for example be a mechanical drilling unit, a sand blowing unit, a 
compressed air unit, a high pressure cleaning unit, or similar units that may be passed 
down through the foundation pile and remove the unwanted material, either inside the 
foundation pile or below the lower part of the foundation pile. 

[0151] The choice of type of soil preparation unit depends on the soil conditions, as 
the different types of units may be used for different types of soil. For example, in soil 
with much sand it will be optimal to flush out the sand by for example a high pressure 
cleaning unit. 

[0152] If there is formed a cavity under the lower part of the foundation pile with a soil 
preparation unit, the following steps may be inserted in the method mentioned at first: 
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- when the reinforcement unit reaches the bottom of the foundation pile, it is pressed 
down into the underlying cavity until the retainer elements at the upper part of the 
reinforcement unit fall in place out against the inner side of the foundation pile, and 
where 

subsequently the reinforcement members are pulled so that it is ensured that the re- 
inforcement unit and the bottom of the foundation pile are in close connection. 

[01 53] By adding these steps to the method, it is ensured that the reinforcement unit is 
placed in immediate vicinity of the lower part of the foundation pile so that the lower part 
of the foundation pile and the reinforcement unit are cast together. 

[01 54] The retainer elements further provide that the lower annular part of the founda- 
tion pile does not destroy the filler when it is subjected to compressive forces from the 
foundation, as the weight causing the compressive forces are transmitted from the founda- 
tion pile to the footing element via the retainer surfaces of the retainer elements which 
combined have a greater area than the cross-sectional area of the lower part of the tubular 
foundation pile. 

[0155] In order to expand the reinforcement members out into the cavity for optimal 
reinforcement of the footing element, to the initially mentioned method is added one of the 
following steps, where the means for expanding the reinforcement members are: 

- a spring ring, whereby the pipes are pressed outwards, and the reinforcement member 
will thereby, via the eye connection, be forced outwards, so that a network of pipes, rein- 
forcement members and the centrally arranged annular element is formed, 

- a spreading element is arranged so that it controls the reinforcement members of the rein- 
forcement unit when they are falling outwards due to the force of gravity when the rein- 
forcement unit reaches the cavity under the foundation pole, so that a network of rein- 
forcement members and the centrally arranged annular element is formed, 

- an exploding unit whereby the reinforcement are pressed outwards as a result of the ex- 
plosion. 
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[0156] All of the three described steps for expansion of the reinforcement member 
result in that the reinforcement in the cast footing element is spread as much as possible in 
the footing element, and thereby the strength of the footing element is increased. 

[0157] The spreading element is an element which, besides spreading the reinforce- 
ment members, further provides for the reinforcement member being secured at a certain 
position out from the foundation pile until they are cast into the footing element. The 
spreading element may be activated by being pressed on by a piston passed down through 
the longitudinal cavity in the foundation pile. 

[0158] By using a reinforcement unit with pile foot, expansion of the reinforcement 
members occurs when a piston is pressed down on the annular element of the reinforce- 
ment unit, after which the reinforcement members are passed through the mounted connec- 
tion between pipe and reinforcement member, and whereby the reinforcement members 
are pressed outwards. 

[0159] For forming a cavity in connection with lower part of the preferably cylindric 
foundation pile, the initially mentioned method may be added the following step: 
a ground preparation unit is passed down through the working duct, 
the ground preparation unit works the surrounding earth layer under the founda- 
tion pile, 

a cavity is formed out from the foundation pile, 

the ground preparation unit is drawn up through the working duct. 

[0160] The ground preparation unit may be one of many possible units that may be 
pressed down through the longitudinal cavity in the foundation pile and form a cavity in 
the surrounding ground area. It may for example be a mechanical drilling unit which, when 
pressed down through the longitudinal cavity in the foundation pile, is folded and which, 
when reaching the bottom of the foundation pile, will unfold and drill the surrounding 
earth layer to a certain diameter out from the foundation pile. 
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[01 61] Alternatively, the ground preparation unit may be an explosion apparatus which 
is pressed down through the longitudinal cavity in the foundation pile and placed in the 
interspace between the foot pile and the foundation pile, after which the explosion ar- 
rangement is brought to detonation. A cavity is created with the aid of the pressure of the 
explosion. This method is, however, to be used with care, as it may damage the tension 
members, the pile foot and the bottom of the foundation pile. 

[0162] Alternatively, high pressure flushing may be used, where a high pressure 
flusher is passed down through the longitudinal cavity in the foundation pile and down to 
the interspace, which is flushed out, and where excess water and soil is pumped up through 
the working duct. Thereby a cavity remains which can be filled up with filler embedding 
the said parts. 

[01 63] Alternatively, depending on special types of soil, it may be unnecessary to use a 
soil preparation unit. Instead, it may be possible to perform injection of filler through a 
long tube which is passed down internally in the tubular foundation pile. This method is 
best used in very soft ground. 

[0164] Alternatively, it may also be considered that during driving down of the 
foundation pile, a pile foot has be used, protecting the foundation pile against material that 
would be driven up inside the foundation pile during the driving down of the latter. 

[0165] In order to increase the tensile and compressive strength of the foundation pile 
and to minimize the risk of lateral movements of the foundation pile, the above method 
may be added a further step where injection of a hardening filler mass through the at least 
one longitudinal cavity and out through the filling ducts connected therewith is effected for 
forming one or more beads around the outer circumference of the foundation pile. 

[0166] This step is performed right after placing the foundation pile in the desired po- 
sition, or may be performed at a later time in the lifetime of the foundation pile. Hereby, 
for example crookedness in the foundation pile or inaccuracies in the position of the foun- 
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dation pile may be corrected, and it may be ensured that arised lateral inaccuracies are cor- 
rected. 

[0167] These filling ducts may furthermore be used for removing the foundation pile 
after the lifetime of the building element has ended, where today there are requirements to 
removing building material as far down in the ground as possible. These filling ducts may 
then be used for pressing out or spraying out agents that either can dissolve a cement mix 
or lubricate the outer side of the foundation pile so that it is easy to pull it up. 

[0168] By pulling up there may, however, appear a problem with the footing element 
itself. Therefore, it may be a solution to cut the tension members. It is possible to pull the 
foundation pile up, leaving pile foot and footing element in the ground, if the tension 
members are provided in a side duct without fixed castings. 

[0169] If the footing element is fastened to the bottom of the foundation pile, longitu- 
dinal cavities in the foundation pile may be used for sending down an explosion apparatus 
which is placed right at the top of the footing element, so that the footing element by deto- 
nation will burst/separate from the foundation pile. This enables pulling up the foundation 
pile. 

[01 70] By making foundation piles with side ducts through which the tension members 
may have free, longitudinal movement, the foundation pile may be built up of modules so 
that it is easier to transport and produce. This means that at the place where the pile is to 
be produced or driven down, there may be added one module after the other, when only the 
tension members are passed through the side ducts on the succeeding module. This pro- 
vides for placing foundation piles in areas where one is not so sure of the depth of the bot- 
tom part of the foundation pile. However, this requires than the tension members present 
such a length that, irrespectively of the depth, a part will project up over the upper edge of 
the foundation pile. 
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[0171] In order to prevent dilution of the filler injected at the formation of the footing 
element, injection of a liquid barrier filler material into the cavity under the foundation pile 
before placing the reinforcement unit and casting of the footing element may be per- 
formed. This has the consequence that water in the earth layer is kept away until the filler 
is hardened. The liquid barrier filler material can be a mix of for example gelatine, cement 
paste or similar material that may be displaced by the filler injected when the footing ele- 
ment is cast. Alternatively, the soil may be frozen. 

Brief Description of the Drawings 

[01 72] The invention is explained in the following with reference to the accompanying 
Figures, where: 

[0173] Fig. la shows a foundation pile with a reinforcement unit, 

[01 74] Fig. lb shows a foundation pile with a reinforcement unit, 

[0175] Fig. lc shows a foundation pile with a reinforcement unit, 

[0176] Fig. 2 shows a folded reinforcement unit, 

[0177] Fig. 3 shows a reinforcement unit about to be spread, 

[01 78] Fig. 4 shows an unfolded reinforcement unit, 

[01 79] Fig. 5 shows a plan view of a reinforcement unit, 

[01 80] Fig. 6 shows an annular element according to the invention, 

[0181] Fig. 7a shows a cross-section in a foundation pile with a folded reinforcement 

unit, 

[0182] Fig. 7b shows a cross-section in a foundation pile with an unfolded reinforce- 
ment unit, 

[0183] Fig. 8 shows the lower part of a foundation pile disposed in the ground, and 
where formation of a cavity under the foundation pile occurs, 

[0184] Fig. 9 shows the lower part of a foundation pile in which there is placed a rein- 
forcement unit according to the invention, 

[0185] Fig. 10 shows the lower part of a foundation pile with an unfolded reinforce- 
ment unit, 
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[0186] Fig. 1 1 shows the lower part of a foundation pile where a reinforcement unit is 
embedded in a footing element, 

[0187] Fig. 12a shows cross-section of a reinforcement unit in folded position, 

[0188] Fig. 12b shows a plan view of a reinforcement unit in an unfolded position, 

[0189] Fig. 13 shows an alternative embodiment of a reinforcement unit, 

[0190] Fig. 14 shows foundation pile with pile foot and reinforcement member, 

[0191] Fig. 15 shows how foundation pile and pile foot are mounted, 

[0192] Fig. 16 shows an alternative embodiment of foundation pile, pile foot and 

reinforcement member, 

[0193] Fig. 17 shows how the above embodiment is mounted, 

[0194] Fig. 18 shows how an alternative embodiment of the pile foot according to the 
invention is mounted, 

[01 95] Fig. 1 9 shows a foundation pile with beads, 

[0196] Fig. 20 shows an enlarged view of a foundation pile with filling ducts, 
[0197] Fig. 21 shows a foundation pile with reinforcement and beads, 
[0198] Fig. 22 shows an enlarged view of a foundation pile with reinforcement and 
filling ducts, 

[01 99] Fig. 23 a shows an alternative embodiment of a reinforcement unit, 
[0200] Fig. 23b shows the reinforcement unit of Fig. 23a, 
[0201] Fig. 23c shows the reinforcement unit of Fig. 23a in unfolded position, 
[0202] Fig. 24 shows an enlarged view of the reinforcement unit of Fig. 23c, 
[0203] Fig. 25 shows an adapter. 

Detailed Description of the Invention 

[0204] On Figs, la, lb and lc is shown how a reinforcement unit 1 is pressed down 
through a foundation pile 2 and unfolded in an underlying cavity 3. 

[0205] The reinforcement unit 1 includes reinforcement members 4 which are pivota- 
bly connected to a centrally arranged annular element 5 and are connected to the founda- 
tion pile 2 with tension members 6. 
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[0206] The foundation pile 2 is placed in the ground so that the upper edge of founda- 
tion pile 2 projects up over the ground surface 7. 

[0207] Fig. 2 shows a reinforcement unit 1 which is disposed in folded position in a 
lower part of foundation pile 2. The reinforcement members 4 are pivotably connected to a 
centrally arranged annular element 5 which is connected with the tension members 6 via a 
plate/bolt joint 11. 

[0208] The lower and upper parts of the tension members 6 are joined in a jointing 
arrangement 9 shown here as a plate/bolt joint. The jointing arrangement 9 is provided 
with retainer elements 8. 

[0209] Fig. 3 shows a reinforcement unit 1 placed right under the lower edge of foun- 
dation pile 2 and in a position where the reinforcement unit 1 is about to unfold. 

[0210] The reinforcement members 4 are made of a network of rods and connected 
with a spreading element 10 providing that the reinforcement members 4 unfold uniformly 
and to a certain angle. 

[0211] Fig. 4 shows a reinforcement unit 1 in fully extended position. The spreading 
member 10 holds the reinforcement members 4 in place until the footing element (not 
shown) has been cast. 

[0212] The retainer elements 8 have fallen in place so that they abut on the lower edge 
of the foundation pile 2. 

[0213] A number of wires 12 connect the reinforcement members mutually in order 
thereby to achieve additional reinforcement of the footing element (not shown). 

[0214] On the three Figs. 2 - 4 are shown how the reinforcement members 4 are pivot- 
ing about the annular element 5 when the reinforcement unit 1 is unfolded. 
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[0215] Fig. 5 shows a plan view of an unfolded reinforcement unit 1 where the rein- 
forcement members 4 are connected with a wire 12 whereby is formed a pattern like a spi- 
der's web of reinforcement in the footing member (not shown). 

[0216] Fig. 6 shows an annular element 5 with upright circular side 13 in which there 
is a number of recesses 14 and an edge ring 15. The number of recesses 14 in the upright 
circular side 13 corresponds to the number of reinforcement members 4. 

[0217] In an end part of the reinforcement members 4 there is provided a bearing 16, 
the inner diameter of which corresponding to the outer diameter of the edge ring 15 so that 
it is possible to mount the reinforcement members 14 to the edge ring 15. The recesses 14 
enable the reinforcement members 4 to pivot about the edge ring 1 5. 

[0218] Fig. 7a shows a sectional view of how a reinforcement unit 1 is disposed inside 
a foundation pile 2. The jointing arrangement 9 is a plate/bolt joint where the plate section 
is divided into four and continues in retainer element 8. 

[0219] Fig. 7b shows a sectional view of an expanded reinforcement unit 1 where the 
retainer elements 8 abut on the lower edge of foundation pile 2. 

[0220] Fig. 8 shows a foundation pile 2 which is placed in the ground 17 where in 
connection with the lower part 1 8 of foundation pile 2 there is produced a cavity 3 under 
the lower part 18 of the foundation pile 2. The cavity 3 is formed by a pipe 19 being 
passed down through the foundation pile 2, and liquid or air or similar being injected 
through the pipe 19 so that excess material is pressed up into the interspace between 
pipe 19 and inner side of foundation pile 2. 

[0221] Alternatively, the excess material may be absorbed depending on the pressure 
applied on the foundation pile 2 and the length of the foundation pile 2. A combination 
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between suction and pressure may furthermore be envisaged applied for removing excess 
material from cavity 3. 

[0222] Fig. 9 shows a lower part 1 8 of the a foundation pile 2 in which there is placed 
an alternative reinforcement unit 22 where this reinforcement unit 22 includes a number of 
pipes 20 through each of which pipes 20 there is provided a wire 2 1 connected to the lower 
part of pipe 20 by means of a wire clamp 23. In the upper part of the pipes 20 there are 
provided retainer members 24 shown here with a cross-sectional shape as an L. 

[0223] Between the pipes 20 there is fitted a spring ring 25, here shown in compressed 
state; this spring ring 25 provides for the pipes 20 being held along the inner side of the 
foundation pile 2 so that the reinforcement members 26 and retainer elements 24 form 
guides for the reinforcement unit 22 down through foundation pile 2 when reinforcement 
unit 22 is pressed down with e.g. a piston 28. 

[0224] Reinforcement unit 22 furthermore contains reinforcement members 26 that are 
annular, and one end is movably assembled around an annular element 27, and the 
reinforcement members 26 are furthermore connected movably to the pipes 20 with an eye 
connection 29. 

[0225] Fig. 10 shows a reinforcement unit 22 that is pressed with a piston 28 down in 
a position under a foundation pile 2 so as to be situated in the cavity 3. Spring ring 25 is 
expanded and presses on the pipes 20 so that the lower part of the pipes 20 are spread out- 
wards in relation to the center of the foundation pile 2. Spreading of the lower part of the 
pipes 20 results in that the reinforcement members 26 being forced out in spread position 
via eye connection 29 so that the reinforcement members 26 are preferably evenly distrib- 
uted radially in the footing element (not shown). 

[0226] In the upper part of the pipes 20, the retainer elements 24 have fallen into place, 
so that the lower part 19 of the foundation pile 2 abuts on the retainer element 24 when 
pulling in the wires 2 1 . 
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[0227] Fig. 1 1 shows how the piston (not shown) is removed, and a filler mass 30 fills 
cavity 3 and internally in foundation pile 2 so that reinforcement unit 22 including 
pipes 20, reinforcement members 26 and ring elements 3 1 are cast together with a bottom 
part 19 of foundation pile 2 into a footing element 32 having a dimension greater than the 
bottom part 19 of foundation pile 2. 

[0228] Fig. 12a shows a cross-section of foundation pile 2 in which internally there is 
disposed a reinforcement unit 22 including a number of pipes 20 through which wires 21 
are running. It appears on the section that the outer diameter of retainer element 24 corre- 
sponds to the inner diameter of the foundation pile 2. 

[0229] Fig. 12b shows how a reinforcement unit 22 is unfolded under a lower part of a 
foundation pile 2. This shows how the reinforcement members 26 are spread radially out 
from the center of the foundation pile 2, and together with the ring elements 31, pipe 20 
and wire 21, the reinforcement members 26 form a network of reinforcement which is dis- 
posed at a suitable depth under the lower part of foundation pile 2 in the cavity 3. 

[0230] Fig. 13 shows an alternative embodiment of a reinforcement unit 33, where this 
reinforcement unit 33 includes a number of pipes 20 through which wires 21 are running, 
where these wires 21 are fastened at the lower end to pipes 20 and ring elements 34, where 
at the upper end of the pipe 20 there are fastened retainer elements 24 which are here con- 
nected to two pipes 20 at a time. These retainer elements 24 are here shown in L-shape 
which engages the lower edge 19 of foundation pile 2. 

[0231] The ring elements 34 are here seen in an expanded position where they are 
spread most possible by means of an explosion unit (not shown). The ring elements 34 are 
shown in two dimensions so that juxtaposed ring elements 34 can be laid inside each other 
and connected by means of wire 21/pipe 20 which is passed through recesses 35. 
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[0232] Fig. 14 shows a foundation pile 36 having an internal, through-going, longitu- 
dinal cavity 37 and a pile foot 38 where the foundation pile 36 is provided with a number 
of longitudinal side ducts 39, where in each side duct 39 there is disposed a tension mem- 
ber 40, here shown in the form of a wire. 

[0233] The tension member 40 is connected to the pile foot 38 at the lower end. In the 
shown embodiment of the invention, the means 41 for fastening the tension members 40 to 
the pile foot 38 is designed as through-going ducts 42 in the pile foot 38 where the 
ducts 42 have one diameter at the entrance of the pile foot 38 and another, larger diameter 
at the underside of the pile foot 38. This provides that the tension members 40 may here be 
secured with for example a wire clamp (not shown). 

[0234] The pile foot 38 has downwards a tapering shape 43 that enables driving the 
foundation pile 36 down into the ground. Upwards, the pile foot 38 has a top section 44 
designed so that its basic shape has a shape corresponding to the internal, through-going, 
longitudinal cavity 37 in the foundation pile 36. 

[0235] The uppermost part of the top section 44 is provided with a tapering shape 45, 
enabling easy positioning of the pile foot 38 in the lower part of the foundation pile 36. At 
the same time, this tapering shape 45 has another function, causing unfolding of the rein- 
forcement members 47 when placing the reinforcement unit 46. 

[0236] The reinforcement unit 46 includes an annular element 48 on which is mounted 
a number of reinforcement members 47 that each are provided in bent shape. 

[0237] In this embodiment, the recesses 49 are placed internally in the pile foot 38. 
These recesses 49 are used for storing the free end 50 of the tension members 40 when the 
pile foot 38 is closely connected to the lower part of the foundation pile 36. 

[0238] Fig. 15 shows four situations of a foundation pile 36 during. mounting. Situa- 
tion A (far left) shows how the pile foot 38 is closely connected to the foundation pile 36. 
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It is furthermore seen that the top section 44 of the pile foot 38 is disposed internally of the 
through-going, longitudinal cavity 37. The free sections 50 of the tension members 40 are 
coiled in the recesses 49 in the pile foot 38. The broken lines mark an axial displacement 
of the pile foot 38 relative to the foundation pile 36 which is achieved by a force being 
applied, shown by the arrow, internally of the through-going cavity 37, pressing the pile 
foot 38 farther down so that the free sections 50 of the tension members 40 are extended. 

[0239] Situation B shows how the pile foot 38 is pressed down relative to the bottom 
of the foundation pile 36 so that the free sections 50 of the tension members 40 are fully 
extended, implying that the free sections of the tension members 40 have been unfolded 
from the recesses 49. 

[0240] A reinforcement unit 46 is pressed through the cavity 37, the unit 46 being an 
annular element 48 on which there is a number of curved reinforcement members 47. 
These reinforcement members 47 have a bend at one or more points so that the free ends 
of the reinforcement members 47 extend across the center line of the cavity 37. 

[0241] Situation C in Fig. 15 shows how a piston 51 presses the reinforcement unit 46 
down over the top section 44 of the pile foot 38. The tapering shape 45 of the top sec- 
tion 44 together with the bent shape of the reinforcement members 47 provide that a down- 
wards pressure from the piston 51 on the annular element 48 forces the reinforcement 
unit 46 to open, so that the reinforcement members 47 are forced in radial direction rela- 
tive to the centre line of the foundation pile 36. 

[0242] Situation D on Fig. 2 shows how the cavity 36 is used for injecting a volume of 
filler material 52 so that the filler material 52 entirely or partially encloses the pile foot 38 
and the fully unfolded reinforcement member 46 and the bottom of the lower part of the 
foundation pile 36. 

[0243] The amount of filler 52 is to be of such extent that an enlarged footing ele- 
ment 53 for the foundation pile 36 is formed, so that the dimension of the footing ele- 
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ment 53 formed by the filler 52 is larger than the dimension of the lower part of the foun- 
dation pile 36. 

[0244] Fig. 16 shows an alternative embodiment of the invention, where foundation 
pile 36 includes a through-going longitudinal cavity 37 and a number of longitudinal side 
ducts 39 in which there is a tension member 40 in each side duct 39. 

[0245] In the lower part of the foundation pile 36 there are provided a number of re- 
cesses 54 in which the free sections of 50 of the tension members 40 may be coiled when 
the pile foot 38 is in close contact with foundation pile 36. The downwards tapering part of 
the pile foot 38 is completely smooth as there are no visible means for fastening the ten- 
sion members 40 to the pile foot 38. 

[0246] The top section 55 of the pile foot 38 is designed with a number of projec- 
tions 56 that interact with the recesses 54 in the lower part of the foundation pile 36 so that 
the pile foot 38 is prevented from rotation during transport/mounting. 

[0247] Fig. 17 shows the foundation pile 36 in two different situations during mount- 
ing of the foundation pile 36. The first situation shows how the pile foot 38 is closely as- 
sociated with the foundation pile 36, and that the free section 50 of the tension member 40 
is coiled in the recess 54 disposed at the bottom of the foundation pile 36. 

[0248] By applying a piston 56 and downwards force on the top section 55 of the pile 
foot 38, the pile foot 38 will move down into the lowermost position shown by the broken 
line. Thereby, the free section 50 of the tension member 40 will be extended. 

[0249] The means for securing the tension members 40 to the pile foot 38 is here a 
through-going duct 57 in the pile foot 38. This duct 57 is here of approximate V-shape. 
This enables a tension member 40 to be fitted in a side duct 39 in the foundation pile 36, 
extend down to the pile foot 38, be fitted through the duct 57 and up through an opposite 
side duct 39 in the foundation 36. This is seen more clearly in the last situation where the 
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free section 50 of the tension members 40 is entirely extended and where the same tension 
member 40 goes down into one side duct 39 of foundation pile 39, down through the V- 
shaped duct 57 in the pile foot 38, and up through another side duct 39 in the foundation 
pile 36. 

[0250] Fig. 18 shows an alternative embodiment of the invention, where the pile 
foot 58 has a flat, disc-shaped bottom 59, where the outer diameter of this bottom 59 cor- 
responds to the outer diameter of the foundation pile 36. Within the disc-shaped bottom 59 
there is provided a number of recesses 60 in which the free sections 50 of the tension 
members 40 can be coiled when the pile foot 58 is closely connected to foundation pile 36. 

[0251] In the shown embodiment, a pipe 62 is passed through the top section 61 of the 
pile foot 58 and the disc-shaped bottom 59, through which for example a cavity 3 may be 
flushed out under the pile foot 58. 

[0252] In the next situation on Fig. 18, the pile foot 58 is disposed in the cavity 3, and 
the free sections 50 of the tension members 40 are extended. The means for fastening of 
the tension members 40 to the pile foot 58 in this embodiment are wire clamps 63 dis- 
posed in recesses 60 inside the pile foot 58, and which can be reached from the bottom of 
the pile foot 58. 

[0253] Here, the reinforcement unit 64 is in a condition where it is pressed against 
tapered top section 65 of the pile foot 58. 

[0254] The last situation on Fig. 18 shows that the cavity 3 has been filled with 
filler 52 which is here entirely enclosing the pile foot 58, the free sections 50 of the tension 
members 40, reinforcement members 66 and an a lower part of the foundation pile 36 for 
forming a footing element 67 having outer dimension greater than the outer dimension of 
the foundation pile 36. 
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[0255] Figs. 19 and 20 show a foundation pile 67 with beads 68 which are produced by 
injecting a filler material down through the through-going longitudinal cavity 69 and out 
through the filling ducts 70. 

[0256] Figs. 21 and 22 show a foundation pile 67 with external, cast reinforcements 71 
thereon that may strengthen the foundation pile 67 and the beads 68. 

[0257] The reinforcement 71 may furthermore be used as guide for vacuum tubes 72 
that are immersed in the reinforcement 71, after which water or other liquid is pressed 
down, thereby flushing out earth which is sucked up through vacuum tubes 72. The flush- 
ing out of earth may occur opposite to the outlets of the filling ducts 70 so that it is possi- 
ble to inject larger mass and thereby produce larger and stronger beads 68. 

[0258] Figs. 23a, 23b and 23c show how an alternative embodiment of a reinforcement 
unit 73 is pressed down through a foundation pile 2 and is extended. 

[0259] Fig. 24 shows the alternative embodiment of the reinforcement unit 73 that 
includes reinforcement members 74 pivotably connected with an annular element 5. In 
connection with the retainer elements 8, the tension members 75 are deflected when the 
reinforcement members 74 are unfolded. In order to control the reinforcement members 75 
and to strengthen the reinforcement of the footing element (not shown), the reinforcement 
members 75 are connected with rods/wire 76 to either retainer elements 8 or tension mem- 
bers 75. 

[0260] Fig. 25 shows an adapter 80 that includes a second mounting ring 81 which is 
connected to a first underlying and larger mounting ring 82 outer ring with a continuous 
connecting member 83. Evenly distributed on the first mounting ring 82, reinforcement 
members 84 are mounted, connecting the internal side of the continuous connecting ele- 
ment 83 with the upper side of the first mounting ring 82. 
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[0261] On the first mounting ring 82, there are a number of holes 85 for mounting the 
adapter 80 against the foundation arrangement (not shown). The holes 85 and the rein- 
forcement members 84 are evenly distributed around the first mounting ring 82 and placed 
so that the reinforcement members 84 are yielding the best static relief, and so that there is 
space for mounting/dismounting bolt/nut (not shown) in the holes 85. 

[0262] On the second mounting ring 81, a number of holes 86 are evenly distributed 
for mounting the adapter 80 against a lower part (not shown) of a tower element. 

[0263] The invention is not limited to the above described and illustrated embodiments 
shown in the drawings. Other embodiments containing other kinds of foundation piles, 
reinforcement units, reinforcement members, tension members, retainer elements and pile 
feet, as well as methods for placing a foundation pile and reinforcement of a footing ele- 
ment are comprised in the scope of the invention as specified in the claims. 
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